Abstract mRNA localization provides a mechanism for localized protein synthesis. mRNAs encoding certain proteins, including c-MYC, c-FOS, MT-1 (Metallothionein-1) and vimentin, are localized around the nuclei of mammalian cells and are associated with the cytoskeleton. Targeting of these mRNAs to the perinuclear cytoplasm is mediated by elements within their 3 -UTRs (3 -untranslated regions), but many of the trans-acting proteins remain unidentified. UV cross-linking assays using radiolabelled transcripts indicated that a protein of approx. 50 kDa (from the Chinese-hamster ovary cell extracts) bound to the MT-1 3 -UTR sequence. Competition experiments using unlabelled mutant 3 -UTR RNAs revealed that the binding of this protein is specific to localization-positive mutants. Isolation of a 50 kDa protein was achieved by an RNA affinity-based method in which biotinylated MT-1 3 -UTR RNA was anchored to paramagnetic beads. Bound proteins were eluted and analysed by SDS/PAGE. The 50 kDa protein was extracted from the gel, subjected to trypsin digestion and identified by matrix-assisted laser-desorption/ionization-time-of-flight mass spectrometry as eukaryote elongation factor 1α.
The localization of mRNAs to different compartments of the cell allows the synthesis of proteins near to where they are required. Some mRNAs, such as those encoding β-actin and myelin basic protein, are transported to the cell periphery [1, 2] . In contrast, c-myc, c-fos, MT-1 (Metallothionein-1) and vimentin mRNAs remain localized to the perinuclear cytoplasm of mammalian cells [3] [4] [5] [6] . This perinuclear localization may be achieved through anchoring of the mRNA to the cytoskeleton, because they have been shown to be associated with cytoskeletal-bound polysomes or the cytoskeleton itself [7] . The 3 -UTRs (3 -untranslated regions) of localized mRNAs have been demonstrated to be required for their localization [8] [9] [10] . Although proteins are expected to be involved in this process, not much is known about the identity of most of these trans-acting factors.
In previous studies, expression constructs carrying the rat MT-1 cDNA were transfected into CHO (Chinesehamster ovary) cells and localization of the protein and mRNA was evaluated by immunocytochemistry and in situ hybridization respectively. These techniques revealed that in unsynchronized cells the wild-type MT-1 (protein and mRNA) was localized in the perinuclear cytoplasm [5] . The region of the 3 -UTR required for localization was defined, using a set of nested deletions, to be between nt 45 and 86 [11] .
The first 86 nt of the MT-1 3 -UTR (full-length 134 nt) has been shown to be sufficient for mRNA perinuclear localization [11] . In the present experiments, nt 1-111 were utilized in RNA-protein binding assays to establish which proteins associated specifically with this region. Transcripts corresponding to this sequence were labelled by in vitro transcription with [α-32 P]CTP. This RNA clearly formed a complex with proteins from a CHO cell S100 extract (ultracentrifugation at 100 000 g of a precleared lysate) in an electrophoretic mobility-shift assay. When a UV crosslinking assay was performed using a similar binding reaction, a labelled protein band of approx. 50 kDa was observed. A series of mutant MT-1 constructs (based on the rat MT-1 with an N-terminal Xpress tag) have been made with deletion and substitutions in the 3 -UTR. These were expressed in CHO cells for MT-1 protein localization studies and used for in vitro transcription to generate unlabelled transcripts. Competitive UV cross-linking assays were performed using localization positive and negative mutant MT-1 3 -UTR RNAs. The results showed that the binding of the 50 kDa protein to the wild-type MT-1 3 -UTR probe was competed for by the wild-type sequence and transcripts from localization positive constructs, but significantly less by transcripts from localization negative constructs. This correlation indicated that the 50 kDa protein binding was specific to the region of the MT-1 3 -UTR necessary for localization.
The isolation of this 50 kDa protein was achieved through an affinity-based approach. Biotinylated MT-1 3 -UTR RNA was bound to streptavidin-coated paramagnetic particles (Promega). These were incubated with CHO cell S100 protein extract to allow binding to occur. After removal of unbound proteins and thorough washing of the paramagnetic particles, the bound proteins were eluted by boiling in protein sample buffer (containing SDS and 2-mercaptoethanol) for 5 min. Separation of eluted proteins by SDS/PAGE followed by staining with Coomassie Brilliant Blue revealed that the major protein band in the eluate was approx. 50 kDa. This band was not seen in an RNA-free control. The 50 kDa band was removed from the gel and subjected to in-gel digestion with trypsin. Products from this were identified by matrixassisted laser-desorption/ionization-time-of-flight mass spectrometry. This allowed the identification of the 50 kDa protein as eEF1α (eukaryote elongation factor 1α).
The translation factor eEF1α has been shown previously to be an mRNA-binding protein with a possible role in anchoring of mRNA to the actin cytoskeleton [12] . β-actin mRNA was found to be bound by this protein, but binding did not require the 3 -UTR or appear to be sequence-specific. eEF1α is second only to actin in its abundance in the cell and is, therefore, in excess of other components of the cell's translation machinery [13] . It seems probable that this factor has other roles apart from in translation; anchoring of certain mRNAs to the cytoskeleton after transportation, through its F-actin-binding domain, may be one of these.
Other translation factors have also been implicated in the binding of localized mRNAs. Al-Maghrebi et al. [14] demonstrated that eEF1γ binds to the localization element of vimentin mRNA. The translation initiation factor eIF4III (eukaryote initiation factor 4III) binds to the exon junction complex through the Magoh-Y14 dimer and this interaction is required for the localization of oskar mRNA to the posterior pole of Xenopus oocytes [15] . These results suggest that some translation factors are multifunctional and that they may have key roles in mRNA localization and processing as well as in translation.
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